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Mechanisms of Salt Tolerance and their Relevance 
I h.5 bracr d.scus~n<-.n - p e r  ilrst cons .dt rs  ahc rnngc 
of rnerhanrsms n-atlabIc 10 hnyhcr plant% f o r  c o p r n r  
u 81h salnnc cn--sronrncnts a n d  rhcn suggcszs h o u  thas 
Lnowledee r n a y  be applacd l o  d c t c c ~  salt-xolcranr 
gcnory pcs o f  c h . c k p c ~  a n d  payconpea I n  rhc follour- 
~ n g  p a p c r .  D r  N P Saxcna u a l l  morc  ryucrfncallj 
consx&r h o u  l o  g o  abour gcnclacpll~ nrnprovsng s a l t  
rolcrancr zn lhcsc plants 
I n  wFccnrng and br-dsns f o r  d ~ u a s c  tcrrsxance. t r  
as ncccs-n lo p.n-ant the tau-1 orpanas- a n d  
undrrsrand h o u  x r  affects plant s r o u ~ h  a n d  function 
T h r  pulse patholop? work at  I C R I S A T  bears - X I -  
m e s s  In this Lalc dsscrsc. s a l ~ n ~ r \  ro8.rrr a rnultntudc 
o i  causal factors a n d  rcsponscs. and. i n  ~ d ~ n t n f y x n ~  
Iolcranct. rt is ncccssar! t o  plnponnl causal  factors. 
such a s  general O S - O ~ ~ C  ~ f f e e ~ s  o r  S ~ C C ~ ~ S C  .on effects. 
3nd t o  undcrszand --ha% possrblc mcchanrsms cer-  
tain planls b.-c of copanf u-llh c ~ c c s s  alr.  Thls  1s 
sc l fs* .~dcnt .  bul it is worlh cmphazizinp bccaubc 
Inany cxpcrsrncnrcrs axrcmpring t o  identify salt- 
tolerant genosypca do not seem 1 o r r  ccrnccrnrd abnur  
rhc mcchartisms in\,ol%.cd. O f  course.  u.c could  con-  
Ilnur ro  scrccn gcnot\-pcs a %  graded salt Icvrls t o  pick 
u p  daffrrcnze- r n  r rsponsr .  bul Lnnulcdgaz of Ihc 
mcchrnr-m- o f  -1% calcrancr oFratnnL; tn o u r  rcsr 
c r o p s  w c , u L d  hclp %Ircrznlane ¶he Icrernnns prcxfs.5 
7 h e  follousng prtsenmtaon o f  -11 cflcctr o n  
planrs 1s bascd Iargcl\ o n  the conccpts propounded 
b\ a former collcaguc a1  he Unaverszty 0% Wcrlcrn  
Ausrrr1.n. r>r Hcnk Grccnway<e g . Cimenway 1 9 7 3 .  
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rarscd m a \  hc round rn the rcvrCU-s of Lcvtlt <19S0. 
p p  3 6 5 4 8 8 )  and Wannurnghr < I98 I > 
3 1 a j o r  T\ -pes  o f  Plant Response 
t o  S a l i n i t y  
Mos:  p h 8 - ~ 1 0 I ~ > y , ~ i . l  studs=% a n  plan1 rcsponsc t o  
rnl&nrr> ha-c uzcd .%aClas Ihr rrs1 salt. a n d  rclmrlvely 
I r r ~ l =  I S  Lnou n r bout the phyatologrcal conscqucnccr 
of allaltnsry sodtctry. Fagure I tndacalcs n broad 
ctassrraca11on o f  htgher planrs In lhcsr response t o  
XaCI a n  the external  mcdsum Cena ln ly  chrckpea 
a n d  p0ssab) pkgconpea would beLnns l o  the  sat%- 
~ n s s r ~ v e  proup 
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Figure I. Rrsponr~s of various catrporics of hlghrr plants to \sCl  ,sltnil!. (Alter (,rccn*.> 1973.) 
Effect of Salinity o n  Physiological 
Processes 
Thc consequcnrcs ofhawngh~gh sat! conccntratlons 
tn thc sot1 solut~on arc t l lus~ra~cd In Ftpurc? Plants 
growing i n  a saltnc cnvlronrncnt ma) bc aifcclcd h) 
thc loucr uatcr potcnual in  thc cn\tronmcnl and 
plant ccllr. causing r d u c r d  salt uptakc. or by  
tncmscd salt uptakc causcd by hlgh cxlcrnal Ion 
concentrattons. Plants may adjust to this s~fuation 
by accumula!ing organtc solutes uhcrcsall uptake is 
rcduccd. or h) control l~ny h ~ g h  Ic\.clr of salt uptalc. 
ro (hat plant ccllr osrnolccall~ adjusl l o  thc chlcrnal 
en\lronmcnl and thus m a ~ n t a ~ n  hleh turgor How- 
ckrr, plan! gruuth Ir rcduccd uhcrr ccl! Iurgorcan- 
not hc matnta~ncd or uhcrc ~n rc rna l  salt 
conccntratlons bccon~c :o\tc l o  thc normal mi l  
mctaboltsrn Thcsc Inxtc cfiec~s can mrnllcst thcm- 
wl\cs ar ni$croosmouc cifcctr hcluccn adjacent cells 
or ccll orpancllcs. tntcrfcrcncc u ~ t h  cnz>mc s!rtcm 
and othcr rncuboltc funct~ons. and compctttlon of 
'salt- ions with nutrtcnt Ions ~n acurc transpon 
across ell mcmbrancs. 
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Mechanisms of Salt Toternnce 
DtCfcrcnt hrghcr plants ha%c  cvolved sa r tous  rnccha- 
nlsms to  copc wlth a sallnc cn. Ironrncnt Thcsc  ma)  
be summartzcd a s  follows 
Sail Excluders 
Such  plants havc a n  cnhanccd ab th t>  tocxcludc salt. 
c ~ t h c r  from the cntirc plant o r  f r o m  partrcular 
organs  Thts  i, accornplishcd b?  ccll membranes  
with hlgh ton sclccttvtty.'favortng potarsturn o\.cr 
sodium for cxamplc  Examplcs of  such plants 
ancludc barley. crtrus. a n d  soybcan Such  plilntr 
bccomc panlcularly pr<,nc tc ,  mar-turc dc i~c t t z  undcr  
w l ~ n c  cr%ndttbc~nr. h o u c % c r ,  and  thc? must rely on 
organic ion production for osrnottcadjuslrnent 7'hrs 
has  a htgh rnctahnltc cost.  and  ntcra l l  plant grou.th 
rate can bc  markedly rrtardcd whrnevcr the oarnorIc 
~ m b a l a n c c  rs larpc. Thcsc typcs of planls a r c  charac-  
tcrtzcd hy lou  bodturn a n d  chlortdc Ic\,cls In plant 
tissucs. 
Such  plants a r c  ab l e  t o  copc  wrth a h ~ g h  up lakc  o f  
salt in several posstblc ways. sornc of whach a r c  
o u t l ~ n c d  below. 
Tolerance o r  h i ~ h  intr=ccllular salt lcvcls. Thrs  
~nc ludcs  thc g roup  of plants tcrmcd -halophytes" 
a n d  also sornc plants of agricultural importancc.  
such assugarbeet  In thcsc plants. ccll m c r a h o l ~ r m  is 
rclatrr,cly untrnparrcd by  h ~ g h  internal salt conccn-  
trations and  plant tissues have high N a /  K rattos.  
Indccd. a s  tn sugarbeet a n d  A I I I ~ ~ P I  spp .  sod ium 
may substitute f o r  potasslum a s  a plant nutr lcnt .  
T h i s  property allows rapid osmotsc adjusrmcnt  t o  
cxtcrnal saline c o n d i t ~ o n s  wzth a rntnirnal cost  of 
mctabolrc cncrgy: thcrc IS not so  much rcliancc o n  
organtc tons fo r  osmot ic  a d ~ u s t m c n t  Houcvc r .  thzs 
method can lcad to  specific ion toxictcics a n d  min- 
eral imbalances if cxtcrnal salt c o n c c n t r a r ~ o n s  
bccornc l o o  htgh. 
Remorml of c x c c s  w i t  mccumulation. By this 
mechanism plant roots  a m  ablc t o  freely t ake  u p  
cxcess salt. but d a m g i n g  intraccllulnraccumubtion 
o f  salt is avoided by: 
I .  C o m p a n m c n t a ~ i o n  of salts in to  var ious  plant  
components.  such a s  bacuok,  Iar an bar lc \ )  or 
rrcrns la-, tn broad buns) .  
2 Extrurlon of  salt f rom the ptant sudacc h\ -11 
glands (a,  an 4 r r r p l r r  rppl  
1 Succulcncc u h ~ h  tr thc ahilrt, of  plants t o  \ar t l \  
lncrcasr cell ~ o l u m  u t th  water t o  M r n l a l n  a n  
appropna tc  osmottc potcnttal ( a s  In cactus)  
hlechanisrns Applicable to Chickpea 
and Pigeonpea 
W hcn u c  conrkdcl :hr saltnir\ r.c\ponrc of thc cntirc 
htghcr plant htngdorn chschpcr ~ n d  ptpc',npca arc 
found comparat f \c l r  \ rn \ t t l \c  16,  \ r l ,nc condr t~an5  
u l t h  chncLpcr pdr t~cular l \  \o \ ; u d ~ c \  a: ICWISAT 
a n d  rl%cu hcrc h.8,~- ~ndacatrd  t , , .rr\cr ycrsot, ptc 
dtrfcrcnccr rn rcspon\c t o  salcntf\ ulrhtn thcw crop 
spcctcr (Sakcna 1Yk4 \ S Chnuhan I C R 1 5 4 1  
pcrbonrl cornrnultbc.illon) I he GC-ccn ng pro=\< 
could bc strcarnl!ncd tr  wc Lncn rhc mcchrnls t~c  
h r \ a s  l o r  1he.c diflcrence\ For  cxarnpk ~f rt tsdctcr- 
maned that morc-tolcrant I \ - \  h rv r  a n  abalttb to 
cxcludc sodjum then chcm#cal ~ n a l \ s r r  of  thc \a K 
ratto of a u t d c  range of gcnot \pcs  g r o x n  and 
sarnplcd undcr stmtlar condattonn rnbght be a rnorr 
c f f c c t ~ ~ c  scrccnlng procedure than thccurrcntly used 
crnprr,cal method o fg ronzng  plantsa t  gradcd lcvcls 
of saltntzcd roll 11 should a lso  be notcd that c h ~ c k -  
pea has a parttcular c a y c ~ t v  to  produce a n d  cxudc 
rnahc actd f rom leaf cuifaces (Saxcna 1984) T h s  
proccs. would n o  doubt  ha%c  conr~dc rab tc  osrnouc 
conscqucnccr on  leaf cclls and m a \  thus bc rclatcd to 
the rcsponsc of c h ~ c l p c a  to  c x c c r ~  salt accurnula- 
t lon H o u c \ c r  u t thout  ~ndulgtng In a n r  funhcr 
spcculataon 1 uou ld  suggest thdt a conccrtcd cffoti 
bc rnadc to  r d c n t ~ f \  rncchanrstlc dlffcrcnccr b c t m n  
pcnotr pcr o f  chtckpca and  plgConpCI In coprng wlth 
cxccsr -It rather than snrnpl) procccdtng u ~ l h  thc 
r radtc~onal  cmptncal  methods  of  scrffnlng lor  salt 
tolcrancc 
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